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CLAIMS 

1. A method for determining the sequence of a nucleic acid molecule, 
comprising the steps of: 

(a) iaentifying sequences from the molecule by: 

(i) hybridizing the molecule to complementary sequences of oligonu- 
cleotides from two sets of small oligonucleotide probes of 
known sequence, wherein the first set of probes are attached to 
a solid support and the second set of probes are labelled pro- 
bes in\spftfEten; and 

(ii) covpentW bonding a hybridized oligonucleotide from said first 
set of probes io a hybridized oligonucleotide from said second 
sat of probes; V 

(b) identifying ^overlapping stretches of sequence from the sequences 
identified im step (a); and 

(c) assembling the nucleic acid sequence of the molecule from said 
overlapping Sequences identified, 

2. The method of claim 1, wherein said hybridization is carried out in 
cycles. \ 



AMENDED SHEET 



+ 



A method 
comprising 



or determining the sequence of a nucleic acid molecule, 
the steps of: 



(a) fragm< nting the nucleic acid molecule to be sequenced to provi- 
de intermediate length nucleic acid fragments; 

(b) identiying sequences from said fragments by: 

(i) hybridizing the fragments to complementary sequences of 
o igonucleotides from two sets of small oligonucleotides 
probes of known sequence, wherein the first set of probes 
attached to a solid support and the second set of 
prpDes^^are^abelled probes in solution; and 



(ii) c^alentiy] bonding a hybridized oligonucleotide from said 
probes to a hybridized oligonucleotide from said 
probes; 

(c) identifyiig overlapping stretches of sequence from said sequences 
identifie i in step (b); and 

(d) assembling the nucleic acid sequence of the molecule from said 
overlapping sequences identified. 



The method 
hybridized tc 



of claim 3, wherein said fragments are sequentially 
complementary sequences from two sets of small 



oligonucleotic e probes of known sequence. 
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5. The method of claim 3, wherein said fragments are simultaneously 
hybridized to complementary sequences from two sets of small 
oligonuc eotide probes of known sequence. 

5 6. The method of claim 3, wherein said intermediate length nucleic 
acid fragments are between about 10 nucleotides and about 40 
nucleotides in length and said small oligonucleotides probes are 
between about 4 nucleotides and about 9 nucleotides in length. 

10 7. The metnod of claim 3, wherein said oligonucleotide probes hybri- 
dize to completely complementary sequences from said fragments. 

8. The method of claim 3, wherein said oligonucleotide probes hybridi- 
ze to immediately adjacent sequences from said fragments. 

15 

9. The mefcnop of .claim 8, wherein said oligonucleotide probes hybridi- 
ze to ramraeteftr complementary and immediately adjacent sequences 
from /said irajpnents. 

20 10. The ^metnod of claim 3, wherein said oligonucleotide probes are 
covalently bonded by enzymatic ligation. 

11. The method! of claim 3, wherein said oligonucleotide probes are 
covalently banded using a chemical ligating agent. 

25 I 

12. The method of claim 3, wherein step (b) comprises the steps of: 

(a) contacting said first set of small attached oligonucleotide probes 
with saip intermediate length nucleic acid fragments under 
30 hybridization conditions effective to allow only those fragments 



with a dompietely complementary sequence to hybridize to a 
probe, tttereby forming primary complexes wherein the fragment 
has hyb; idized and free sequences; 

(b) contacting said primary complexes with said second set of small 
labellec oligonucleotide probes under hybridization conditions 
effectivr to allow only those probes with completely complemen- 
tary secuences to hybridize to a free fragment sequence, thereby 
forming I secondary complexes wherein the fragment is hybridized 
to an attached probe and a labelled probe; 



(c) covalently bonding said attached probe and said labelled probe; 

(d) renrovingl from said secondary complexes labelled probes that 
re not covalently bonded to an attached probe, thereby for- 
ming covitently bonded complexes; 

(e\ detecting Isaid covalently bonded complexes by detecting the 
r£sence qf tnfe*4abel; and 

(f) identifying I sequences from the nucleic acid fragments in said 
covalently ttonded complexes by connecting the known sequences 
of the hybridized attached and labelled probes. 



A method of nucleic acid sequencing comprising the steps of: 



(a) fragmenting fhe nucleic acid to be sequenced to provide nucleic 
acid fragments of length T; 



A 

(b) preparing an array of immobilized oligonucleotide probes of 
known sequences and length F and a set of labelled oligonu- 
cleotide irr obes ip _^|olution of known sequences and length P, 
wherein 




(c) contacting said array of immobilized oligonucleotide probes with 
said nucleic acid fragments under hybridization conditions effec- 
tive to allow the formation of primary complexes with hybridi- 
zed, completely complementary sequences of length F and non- 
hybridized fragment sequences of length T - F; 

(d) contacting said complexes with said set of labelled oligonucleoti- 
de probes under hybridization conditions effective to allow only 
the fonrumon (^secondary complexes with hybridized, complete- 
ly complementary sequences of length F and immediately adja- 
cen/ hybqdi^pd, completely complementary sequences of length 

py 

(e) coralepffy I bonding ^said labelled oligonucleotide probes to said 
immediately adjacent immobilized oligonucleotide probes; 

(f) detecting sjaid secondary complexes by detecting the presence of 
the label; 



(g) identifying sequences of length F + P from the nucleic acid 
fragments i^ said secondary complexes by combining the known 
sequences Ojt the hybridized immobilized and labelled probes; 



(h) detenning stretches of said sequences of length F + P that 
overlap; and! 
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(i) assembliM the complete nucleic acid sequence from said over- 
lapping sequences. 



14. The method 
5 longer than 

15. The method 



of claim 13, wherein length T is about three times 
length F. 



Df claim 13, wherein length T is between about 10 
nucleotides acd about 40 nucleotides, length F is between about 4 
nucleotides and about 9 nucleotides and length P is between about 
and about 9 nucleotides. 



4 nucleotides 

16. The method o 
length F is ah 



claim 15, wherein length T is about 20 nucleotides, 
U 6 nucleotides and length P is about 6 nucleotides. 



is 17. The methfod of 
lized and labeL 
enzymatic hgation. 



18. The method of 



13, wherein said immediately adjacent immobi- 
igonucleotide probes are covalently bonded by 



laim 13, wherein said immediately adjacent immobi- 



lized and labeled oligonucleotide probes are convalently bonded 



using a chemica 



ligating agent. 



19. A method of nucleic acid sequencing comprising the steps of: 



25 



(a) fragmenting the nucleic acid to be sequenced to provide inter- 
mediate length nucleic acid fragments; 



30 



(b) contacting an Way of immobilized small oligonucleotide probes 
of known sequences with said nucleic acid fragments under 
hybridization conditions effective to allow only those fragments 
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with a teompletely complementary sequence to hybridize to a 
probe, thereby forming primary complexes wherein the fragment 
has hybridized and non-hybridized sequences; 



10 



(c) contacting said primary complexes with a set of labelled small 
oligonucleotide probes in solution of known sequences under 
hybridization conditions effective to allow only those probes with 
completely^ complementary sequences to hybridize to a non- 
hybridized fragment sequence, thereby forming secondary com- 
plexes wharein the fragment is hybridized to an immobilized 
probe and a labelled probe; 



15 



(d) covalently ponding said labelled oligonucleotide probes to said 
immediately adjacent immobilized oligonucleotide probes; 

(e) remoymg fjon/ Wd secondary complexes labelled probes that 
are hot cofc&lently.bonded to an immobilized probe, thereby 
formlqg^e6\jalently bon8ed-€omplexes; 



20 



(f) detecting said covalently bonded complexes by detecting the 
presence ofl the label; 



25 



(g) identifying sequences from the nucleic acid fragments in said 
covalently bonded complexes by combining the known sequences 
of the hybridized immobilized and labelled probes; 



(h) determing stretches of said sequences that overlap; and 



30 



(i) assembling the complete nucleic acid sequence from said over- 
lapping sequences identified. 
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20. The method of claim 19, wherein the nucleic acid is cloned DNA 
or chromosomal DNA. 



21. The method of claim 19, wherein the nucleic acid is mRNA. 

22. The method of claim 19, wherein the nucleic acid is fragmented by 
restriction \enzyme digestion, ultrasound treatment, NaOH treatment 
or low pressure shearing. 

10 23. The methoa of claim 19, wherein the nucleic acid fragments are 
between about 10 nucleotides and about 100 nucleotides in length. 

24. The method pf^clami 19, wherein the oligonucleotide probes are 
between abojra 4 nucleptides and about 9 nucleotides in length. 

15 / I A 

25. The method ov ctaim 24, wherein the oligonucleotide probes are 
about 6 (nucleotides in~1ength. 

26. The method of claim 19, wherein said immobilized oligonucleotides 
20 are attached to a glass, polystyrene or teflon solid support. 

27. The method of claim 19, wherein said immobilized oligonucleotides 
are attached to alsolid support via a phosphodiester linkage. 

25 28. The method of claim 19, wherein said immobilized oligonucleotides 
are attached to a solid support via a light-activated synthethic me- 
chanism. \ 

29. The method of claiml 19, wherein the labelled oligonucleotide probes 
30 are labelled with a non-radioactive isotope or a fluorescent dye. 



30. The methAd of claim 19, wherein the labelled oligonucleotide probes 
are labelled with 35 S, 32 P or 33 P. 

31. The metho I of claim 19, wherein said nucleic acid fragment or one 
of said oligonucleotide probes contains a modified base or a univer- 
sal base. 1 

32. The method! of claim 19, wherein labelled probes that are not 
covalently banded to an immobilized probe are removed from the 
secondary complexes by stringent washing conditions. 

33. The method of claim 19, wherein said immediately adjacent probes 
are chemicaUyVSonSbd. 

34. The method on claim 19, wherein said immediately adjacent probes 
are lighted enzJmatiWly. 

35. The method of \ claim 19, wherein multiple arrays of immobilized 
oligonucleotides are arranged in the form of a sequencing chip. 

36. A method of nucleic acid sequencing comprising the steps of: 

(a) fragmenting the nucleic acid to be sequenced to provide nucleic 
acid fragments I of between about 10 nucleotides and about 40 
nucleotides in length; 

(b) contacting an anray of imm obilized oligonucleotide probes with 
known sequences of between about 4 nucleotides and about 9 
nucleotides in length with said nucleic acid fragments under 
hybridization conditions effective to allow only those fragments 
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with 2 
probe, 



completely complementary sequence to hybridize to a 
thereby forming primary complexes wherein the fragment 



has hybridized and non-hybridized sequences; 



(c) contacting said complexes with a set of 32 P-labelled or 33 P- 
labelledl oligonucleotide probes with known sequences of bet- 
ween alpout 4 nucleotides and about 9 nucleotides in length 
under Hybridization conditions effective to allow only those 
labelled 1 probes with completely complementary sequences to 
hybridize! to a non-hybridized fragment sequence, thereby for- 
ming secondary complexes wherein the fragment is hybridized to 
an immobilized probe and a 32 P-labelled or 33 P-labelled probe; 

(d) ligating tqie JimmAbilized probes and labelled probes that are 
lmn^eaiatetty/ fcajac^nt with a DNA ligase enzyme, thereby for- 
ming ligatbti ^condary complexes; 

(e) removing qom the secondary complexes any non-ligated labelled 
probes; 

(f) detecting said ligated secondary complexes by detecting the 
presence ofl the 32 P or 33 P label; 

(g) identifying Sequences from the nucleic acid fragments in said 
ligated secondary complexes by combining the known sequences 
of the ligatad probes; 



(h) determining stretches of said sequences that overlap; and 




* 
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(i) 



5^sembling the complete nucleic acid sequence from said over- 
lapping sequences. 



37. A kit\ for use in nucleic acid sequencing, comprising a solid support 
chip feaving attached an arrangement of oligonucleotide probes of 
known! sequences, said oligonucleotides being capable of taking part 
in hybridization reactions, a set of containers comprising solutions of 
labelled^ oligonucleotide probes of known sequences, and a ligating 
agent. 

38. The kit (if claim 37, wherein multiple chips of immobilized oligonu- 
cleotide jTobes are arranged in the form of a sequencing array. 



15 



39. The 
about 



it of \clapn \37, wherein the oligonucleotide probes are between 
4 nutl^otide^and ^bout 9 nucleotides in length. 



40. The kit of Maim 39, wherein the oligonucleotide probes are about 
6 nucleotides in length. 

20 41. The kit of claim 37, wherein the oligonucleotide probes are attached 
to a glass, polystyrene or teflon solid support. 

42. The kit of claim 37, wherein the oligonucleotide probes are attached 
to a solid support via a phosphodiester linkage. 



25 



43. The kit of claim b7, wherein the oligonucleotide probes are attached 
to a solid support via a light- activated synthetic mechanism. 



44. The kit of claim 37, wherein the labelled oligonucleotide probes are 
30 labelled with a nonradioactive isotope or a fluorescent dye. 
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45. 'Khe kit of claim 37, wherein one of the oligonucleotide probes 
/^anffibins a modified or a universal base. 

46. \TM Kh^ot claim 37, wherein the labelled oligonucleotide probes are 
5 labeMed with 35 S, 32 P or 33 R 

47. The kit of claim 37, wherein said ligating agent is a chemical liga- 
ting agent. 

10 48. The kit of claim 37, wherein the ligating agent is a DNA ligase 
enzyme. 




in 



